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过与常规硝酸钾促进剂的性能比较，KF 是 MgO 负载钌基氨合成催化剂更
有效的促进剂；当 K/Ru＝3时效果最好，催化剂在 425℃达到最高活性 40.08 
ml NH3/hr.g-CAT。增加钾含量，活性反而下降。利用催化剂的XRD及HRTEM
表征结果发现 KF 促进剂的加入可以提高钌的分散度，KF 促进的钌催化剂
有 17.87％的钌颗粒在 1~3 nm之间，是属于形成氨合成 B5活性中心的最佳
钌颗粒，同时 KF可以更好地暴露 Ru（100）活性晶面，提供更多的反应活
性位，KF促进钌基氨合成催化剂具有明显的结构敏感性。 
通过对比 KF和 KNO3在 Al2O3和碳纳米管载体上的氨合成促进性能，































































Part I Research of Potassium Fluoride Promoted Ru-based 
Catalysts 
 
A novel fluoride promoter was employed first time and the ammonia 
synthesis catalyst, fluoride-promoted ruthenium supported on MgO, has been 
developed. The activity measurement was carried out in a flow micro-reactor 
under mild conditions, 345~500℃ and 0.2 MPa. KF was found to be more 
effective than KNO3 and the catalyst Ru-KF/MgO exhibited the highest activity 
(40.08 ml NH3/hr.g-CAT, 425℃) when potassium and ruthenium molar ratio is 3.  
The XRD and HRTEM characterization of catalysts showed that KF can 
enhance the ruthenium dispersion on MgO. The 17.8% Ru particles of KF 
promoted catalyst is about 1-3 nm, which provides the maximum probability for 
active B5 sites. Under the promoted effect of KF, the Ru(100) hcp surface which 
the active sites are present at is better exposed and provide more active sites for 
ammonia synthesis, this shows the high structure sensitivity of KF promoted 
catalyst.  
The XRD results of KF modified MgO and Al2O3 show that under ammonia 
synthesis condition, Ion exchange only takes place between KF promoter and 
MgO support. So that KOH and KMgF3 (K2MgF4) come in to being, KOH was 
concluded to be the final chemical working state of KF promoter. Meanwhile the 















properties of catalyst, especially the ruthenium dispersion, then dramatic 
influence the ammonia synthesis activity. 
 
Key word: Ammonia synthesis; Potassium fluoride；Ru-based catalyst；MgO 
 
 
Part II Catalytic Syntheses of Carbon Spherers from Acetylene 
on Kaolin Supported Catalysts 
 
The fascinating properties of carbon spheres have opened a great number of 
potential applications for these unique materials. However, whether these 
materials can be really taken into commercial practice definitely depends on 
synthesis methods. Scientists have developed various kinds of methods to 
produce carbon spheres and CCVD method is the most promising one. In this 
paper, a novel catalyst, Kaolin supported cobalt catalyst was used in catalytic 
decomposition of C2H2 for carbon nanostructure synthesis. 
The effects of the preparation temperature and catalyst substrate on the 
growth of carbon spheres were studied by TEM、HRTEM、XRD、Raman 
characterization. And the results showed that high temperature will favor to 
obtain carbon spheres in high yield and to remove the defects and dislocations, 
then get high quality carbon spheres. It also was found that catalyst substrate is 
important in chemical vapor decomposition process for carbon nanostructure 
synthesis. Although used under the same reaction condition, when the catalyst 















substrate, different carbon nanostructures were formed. Carbon nanotubes were 
grown over the catalyst without any substrates and carbon spheres were formed 
by the catalyst used on kaolin plate substrate; otherwise, when using ceramic 
plate as substrate, carbon nanotubes and carbon spheres mixture were got. The 
results of TEM, HRTEM, XRD and Raman measurements show the particular 
microstructrue of the CNTs and CS. The typical SEM images of catalysts after 
reaction show the different effects of the substrates and the possible formation 
mechanism. 
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